The aim of this study was to investigate the different combinations of red (R) and blue (B) light emitting diode (LEDs') lighting effects on growth, pigment content, and antioxidant capacity in lettuce, spinach, kale, basil, and pepper in a growth chamber. The growth chamber was equipped with R and B light percentages based on total light intensity: 83% R + 17% B; 91% R + 9% B; 95% R + 5% B; and control was 100% R. The photosynthetic photon flux density (PPFD), photoperiod, temperature, and relative humidity of the growth chamber were maintained at 200 ± 5 µmol m −2 s −1 , 16 h, 25/21 ± 2.5 • C, and 65 ± 5%, respectively. It is observed that the plant height of lettuce, kale, and pepper was significantly increased under 100% R light, whereas the plant height of spinach and basil did not show any significant difference. The total leaf number of basil and pepper was significantly increased under the treatment of 95% R + 5% B light, while no significant difference was observed for other plant species in the same treatment. Overall, the fresh and dry mass of the studied plants was increased under 91% R + 9% B and 95% R + 5% B light treatment. The significantly higher flower and fruit numbers of pepper were observed under the 95% R + 5% B treatment. The chlorophyll a, chlorophyll b, and total chlorophyll content of lettuce, spinach, basil, and pepper was significantly increased under the 91% R + 9% B treatment while the chlorophyll content of kale was increased under the 95% R + 5% B light treatment. The total carotenoid content of lettuce and spinach was higher in the 91% R + 9% B treatment whereas the carotenoid content of kale, basil, and pepper was increased under the 83% R + 17% B treatment. The antioxidant capacity of the lettuce, spinach, and kale was increased under the 83% R + 17% B treatment while basil and pepper were increased under the 91% R + 9% B treatment. This result indicates that the addition of B light is essential with R light to enhance growth, pigment content, and antioxidant capacity of the vegetable plant in a controlled environment. Moreover, the percentage of B with R light is plant species dependent.
Introduction
Light is one of the most important environmental factors for plant growth, development, and plant metabolites' accumulation [1] . Specific wavelengths of light have precise effects on plants. For 
Plant Growth and Biomass Measurement
Plant height and the number of leaves from the plants were recorded after five weeks. Plant height was measured to the tip of the youngest leaf. The fresh mass (FM) of the plant parts were determined immediately after harvesting. The drying temperature was 80 • C and duration of drying was no less than 72 h until a stable mass was attained. Plant tissues were weighed again after drying to record dry biomass. Leaf tissue samples and sweet pepper fruits were frozen (−22 • C) before lyophilization. Phytochemicals and antioxidant properties were analysed from freeze dried leaf tissues (leafy vegetables) and fruit tissues (pepper).
Chlorophyll and Carotenoid Analysis
For chlorophyll and carotenoid analysis, the method described by Lichtenthaler [26] was used. Aliquots of 100 mg of dried and ground leaf tissue and sweet pepper fruit tissue were added to 10 mL of 80% acetone, mixed well, and incubated overnight at 4 • C in darkness. The supernatant was withdrawn after centrifugation at 5000 rpm for 10 min at 25 • C and absorbance were recorded at 646.8, 663.2, and 470 nm against 80% acetone blank using a spectrophotometer (PowerWave™ XS Microplate Reader, BioTek Instruments, Inc. Vermont, USA). The amount of chlorophyll a, chlorophyllb, total chlorophyll, and carotenoids were determined according to Lichtenthaler (1987) .
Antioxidant Capacity Measurement
Antioxidant activity was measured by the scavenging capacity of the stable 2, 2-diphenyl-1 picryl hydrazyl (DPPH) free radical assays [27, 28] . Briefly, 25 µL of appropriately diluted samples were added to 200 µL of DPPH solution (dissolved in methanol) in a well of a 96-well plate. The mixture was allowed to react at room temperature in the dark for 4 h before the absorbance was measured at 517 nm against a methanol blank using the spectrophotometer (PowerWave™ XS Microplate Reader, BioTek Instruments, Inc. Vermont, USA). The radical scavenging activity (RSA) percentage was determined from Equation (1) , considering the absorbance of methanol as the control (A 0 ) and the sample (A x ):
(1)
Statistical Analysis
The statistical analysis was performed using analysis of variance (ANOVA). Data analysis was processed by one-way analysis of variance (ANOVA), combined with the Tukey's (Tukey Simultaneous 95% CIs) least significant difference (LSD) test at the confidence levels of p < 0.05 by using Minitab Figure 1) . Overall, the 100% R light condition increased the plant height of all cultured plants except pepper. The plant height of the pepper plant increased in the 95% R + 5% B light treatment. However, it was shown that the plant height decreased with the increasing percentage of B LEDs in lettuce and kale. The significantly decreased plant height of kale and pepper was observed under the treatment of 83% R + 17% B LEDs, as well as an observed reduced plant height of lettuce under the 95% R + 5% B LEDs. On the contrary, the different percentages of R and B LEDs did not show any significant influence on the plant height of spinach and basil. Regarding the morphological features, all studied plant species had a compact leaf arrangement with dark green colour and small petioles when grown under the 91% R with 9% B light treatment, whereas plants grown under a higher R light fraction had pale green coloured spread leaves with long petioles. It was also observed that the pigmentation of the pepper fruit was not developed under the 100% R light. Moreover, the desired fruit shape and size was obtained under the 91% R + 9% B light treatment (Figure 1 ). morphological features, all studied plant species had a compact leaf arrangement with dark green colour and small petioles when grown under the 91% R with 9% B light treatment, whereas plants grown under a higher R light fraction had pale green coloured spread leaves with long petioles. It was also observed that the pigmentation of the pepper fruit was not developed under the 100% R light. Moreover, the desired fruit shape and size was obtained under the 91% R + 9% B light treatment (Figure 1 ). Light quality regulates plant growth through various photoreceptors, which stimulate signal transduction systems by various mechanisms to change plant morphology [29] . In the present study, the plant height of all plants increased with increasing R light and the highest plant height was observed under the treatment of 100% R LEDs except for spinach and basil. The plant height of spinach and basil did not show any significant difference among the treatments. It has been reported that plants under 100% R light have increased plant height [30, 31] . Previously, pepper plants grown under the 100% R light showed greater plant heights than under the 10% B with 90% R light [32] . Similarly, cherry tomato plants grown under 100% R light showed greater plant heights than plants grown under 50% B with 50% R light [33] . The photoreceptor cryptochromes are responsible for the inhibition of plant height and have maximal activity when stimulated with B light [34, 35] . In this study, 449 nm was the peak wavelength of the B LEDs, which is within the range of maximal activity of the cryptochrome. Therefore, the inhibition of plant height with the increase of B LEDs is likely attributed to the stimulated cryptochrome photoreceptor.
Leaf Number
It was observed that different percentages of R and B LEDs had an influence on the plant leaf number (Table 1) . In spinach and basil, a significantly higher leaf number was observed under the treatment of 91% R with 9% B LEDs than the treatment of 100% R LEDs. In pepper, a significantly higher leaf number was observed under the treatment of 95% R with 5% B LEDs in comparison with 100% R LEDs. In this study, the different percentages of R and B LEDs showed a significant influence on the leaf number of spinach, basil, and pepper, but not lettuce and kale. A previous study showed no differences in the leaf number in cucumber under different ratios of R and B light [36] . The effect of different percentages of R and B LEDs on the leaf number is plant species dependent.
Shoot Fresh and Dry Mass
It is clearly shown that plant shoots' fresh and dry mass increased with the increase of the B light in the R light combination ( Table 1) . The fresh and dry mass accumulation of lettuce, spinach, and basil increased with the increase of B light till 9% with the R light.
The 91% R + 9% B treatment showed significantly increased fresh and dry mass in lettuce, spinach, and basil in comparison with the 100% R LEDs treatment. Whereas, the fresh and dry mass accumulation in kale and pepper increased with the increase of B light up to 5% then decreased, and a significantly higher accumulation was observed under the 95% R + 5% B light treatment in comparison with the 100% R LEDs treatment. The fresh mass in lettuce, spinach, and basil was 1.2, 1.4, and 1.4 times higher and the dry mass was 1.7, 1.4, and 1.4 times higher for plants cultured under the 91% R with 9% B treatment, respectively, compared to the 100% R treatment. The accumulation of fresh mass in kale and sweet pepper was 2.2 and 1.5 times higher whereas the dry mass was 1.5 and 1.9 times higher for plants cultured under the 95% R with 5% B treatment, respectively, compared to the treatment 100% R treatment.
A previous study showed that pepper plants grown under 100% R light had a lower plant dry mass compared to plants grown under 99% R with 1% B light [32] . The present study showed decreased fresh and dry mass accumulation for all plants grown under 100% R light in comparison with the R and B light combination. Similarly, chili pepper plants cultured under 100% R light showed significantly lower fresh and dry mass compared to plants grown under RB light [17] . In contrast, tomato, salvia, and petunia had greater shoot fresh mass when grown under 100% R light than under 25% B with 75% R light [37] . Similarly, leaf lettuce showed higher fresh and dry mass accumulation under 100% R light compared to the R with the B light combination [15] . Similarly, cucumber plants cultured under 100% R light had greater shoot fresh mass and dry mass in comparison with the mixture of R and B light [36] . This may indicate that R and B light effects on plant biomass could depend on the species.
Flower and Fruit of the Pepper Plant
Different percentages of R and B LEDs showed a significant impact on the flower and fruit number of the pepper plant (Figures 2 and 3) . The flower and fruit numbers of pepper plants were higher under the combinations of different RB light ratios compared to 100% R light. The significantly higher number of flowers and fruits in the pepper plant were observed under the 95% R with 5% B treatment among the different RB light ratios. The fruit number per plant was 4.6 times higher under the 95% R + 5% B treatment whereas the fruit number was 1.3 and 2.7 times higher under the 83% R + 17% B treatment and 91% R + 9% B treatment, respectively. Our study showed that significantly higher flower and fruit numbers were observed under combinations of RB light in comparison with 100% R light. A previous study showed that pepper plants grown under a combination of R with B LEDs showed greater total yields and fruit numbers in comparison with 100% R light [17] . The higher growth and fresh mass of the pepper plants indicates the plants' good health and fruiting potentiality, thus increasing the number of flowers and The R and B light combination allowed a higher photosynthetic activity than 100% R light [39, 40] . A previous study reported that R light enhanced the starch content by inhibiting the translocation of photosynthates out of the leaves, which may have a negative impact on the number of flowers and fruit production [41] . Our study showed that significantly higher flower and fruit numbers were observed under combinations of RB light in comparison with 100% R light. A previous study showed that pepper plants grown under a combination of R with B LEDs showed greater total yields and fruit numbers in comparison with 100% R light [17] . The higher growth and fresh mass of the pepper plants indicates the plants' good health and fruiting potentiality, thus increasing the number of flowers and fruits of the plants. This may be the result of the maximum photosynthetic efficiency of plants grown under R and B LED, because the spectral energy distribution of R and B light coincides with that of the pigment absorption [38] .
The R and B light combination allowed a higher photosynthetic activity than 100% R light [39, 40] . A previous study reported that R light enhanced the starch content by inhibiting the translocation of photosynthates out of the leaves, which may have a negative impact on the number of flowers and fruit production [41] .
Effect of Different Combinations of Red and Blue Light on the Accumulation of Plants' Pigment Content, and Antioxidant Capacity

Chlorophyll (chl) and Carotenoid Content
Plants cultured under a different percentage of R and B LEDs had an impact on pigment accumulation ( Table 2 ). The chl a, chl b and total chl content increased with increasing of B light (Table 2 ). In lettuce and basil, the chl a, chl b, and total chl accumulation increased with the increase of B light in the 91% R + 9% B treatment. Therefore, the increased accumulation of chl a, chl b, and total chl in lettuce and basil under the 91% R + 9% B treatment was determined in comparison with the 100% R treatment. The total chl accumulation in lettuce and basil was 1.2 and 1.3 times higher when plants were cultured under the 91% R + 9% B treatment, respectively, compared with the 100% R treatment. In spinach, kale, and pepper, the total chl accumulation was 1.3, 1.3, and 1.3 times higher when plants were cultured under the 95% R + 5% B treatment, respectively, compared with the 100% red treatment. Different combinations of R and B LEDs had a great influence on the carotenoid accumulation in plants ( Table 2 ). The accumulation of carotenoids in lettuce, spinach, and pepper was significantly increased by the 91% R + 9% B treatment. Whereas, in kale and basil, the accumulation of carotenoids was significantly increased in the 83% R + 17% B treatment. In lettuce, spinach, and pepper, carotenoid accumulation was 1.4, 1.4, and 1.6 times higher when plants were cultured under the 91% R with 9% B treatment, respectively, compared to the 100% R treatment. The carotenoid accumulation in kale and basil was 1.3 and 1.8 times higher when plants were cultured under the 83% R with 17% B treatment, respectively, compared to the 100% R treatment.
The primary effect of B light on chl biosynthesis has been reported in previous studies [9, 42] . An earlier study showed that the total chl content increased in the chili pepper under the combination of R and B light compared with monochromatic R or B LEDs [17] . Studies have reported an increase in chl content under B LEDs in lettuce [14, 43] . In contrast, other studies have reported a decrease in chl concentration in kale and sprouting broccoli under B LED treatment [21, 44] . Hogewoning et al. [9] found that the increase of chl content per leaf of cucumber occurred with the increase of B light up to a 50% B + 50% R treatment. Those findings were supported by the results of the current study. The present study shows that the chl a, chl b, and total chl accumulation in lettuce and basil increased in the 9% B with 91% R treatment. Whereas, chl a, chl b, and total chl accumulation in spinach, kale, and pepper was increased by the 5% B with 95% R treatment. This finding indicates that different species respond differently to light quality. To promote the photosynthetic process, both B and R wavelengths are necessary, but the role of each wavelength is not equal. Blue light plays an important role in generating and moving chl in plant leaves [45] .
Earlier research reported that high carotenoid contents were found in plants cultivated under R with B light [17, 46] . There is a positive relationship between B LED treatments and increased carotenoid concentration in leafy greens [21, 44, 47] . B light is abundantly absorbed by photosynthetic pigments and is a vital catalyst to increase the chl and carotenoid contents in plants [4, 9] . Results from the current study showed that plant species have high chl and carotenoid pigments when grown under higher B:R light ratios. This is consistent with the findings of Li et al. [48] and Son et al. [15] . Ma et al. [49] illustrated that the principal gene activity of the enzyme in chl and carotenoid pigments were stimulated by B light, resulting in higher pigment accumulation. The increased chl and carotenoid contents in higher B light is due to the induction of chl and carotenoid synthesis under RB light [50] . Moreover, the significant increase in the content of carotenoids under the higher B:R light treatment might be due to the cryptochrome action under high B irradiance [51] .
In the present study, these findings are consistent with the 91% R + 9% B LED treatment for lettuce, spinach, and sweet pepper, which had the highest total carotenoid accumulation as compared to all other treatments. Whereas, kale and basil had the highest total carotenoid accumulation under the 83% R + 17% B treatment in comparison with all other treatments. This finding showed that different plant species respond differently to the light spectrum. This finding also suggests that the B light percentage stimulate carotenoid accumulation in lettuce, spinach, kale, basil, and pepper.
Antioxidant Capacity
The scavenging capacity of the stable 2, 2-diphenyl-1 picryl hydrazyl (DPPH) free radical scavenging activity in lettuce, spinach, and kale was increased with the increase of B light up to the 83% R + 17% B treatment. Whereas, the free radical scavenging activity in basil and pepper increased with the increase of B light up to the 91% R + 9% B treatment (Figure 4) . The antioxidant capacity in lettuce, spinach, and kale was 1.3, 1.2, and 1.2 times higher when plants were cultured under the 83% R with 17% B treatment, respectively, compared to 100% R LEDs. Whereas, DPPH free radical scavenging activity in basil and sweet pepper was 1.2 and 1.1 times higher under the 91% R with 9% B treatment, respectively, compared to the 100% R treatment. A previous study demonstrated that the combination of R and B LEDs increased the accumulation of antioxidant compounds in plants [12, 14] . Son et al. [15] showed that higher portions of B light with R light increased antioxidant activity in the lettuce leaf. Wu et al. [52] reported that a correlation between pigment accumulation (chl and carotenoids) and antioxidant capacity. Liu et al. [53] demonstrated that the activity of light signal transduction LeHY5 and LeCOP1LIKE genes influence light signalling and stimulate pigmentation and nutritional value, which might eventually positively affect the antioxidant capacity of the plant. Yang et al. [54] demonstrated that LeHY5 and LeCOP1LIKE genes are induced by B light mediated signals similar to CRY1. In the current study, the increased antioxidant capacity can be explained on the basis of the pigment content under the higher B light treatment. These findings also suggest that a combination of R and B LEDs plays a vital role in stimulating antioxidant accumulation in vegetable crops. A previous study demonstrated that the combination of R and B LEDs increased the accumulation of antioxidant compounds in plants [12, 14] . Son et al. [15] showed that higher portions of B light with R light increased antioxidant activity in the lettuce leaf. Wu et al. [52] reported that a correlation between pigment accumulation (chl and carotenoids) and antioxidant capacity. Liu et al. [53] demonstrated that the activity of light signal transduction LeHY5 and LeCOP1LIKE genes influence light signalling and stimulate pigmentation and nutritional value, which might eventually positively affect the antioxidant capacity of the plant. Yang et al. [54] demonstrated that LeHY5 and LeCOP1LIKE genes are induced by B light mediated signals similar to CRY1. In the current study, the increased antioxidant capacity can be explained on the basis of the pigment content under the higher B light treatment. These findings also suggest that a combination of R and B LEDs plays a vital role in stimulating antioxidant accumulation in vegetable crops.
Conclusions
In conclusion, the 100% R LED treatment was effective in stimulating plant height in lettuce, kale, and pepper, but not in spinach and basil; however, the 100% R LED treatment had a negative impact on the biomass, chlorophyll content, carotenoid content, and antioxidant levels in lettuce, spinach, kale, basil, and pepper. B mixed with R light, ranging from 5% to 9%, enhanced biomass and total chlorophyll accumulation in lettuce, spinach, kale, basil, and pepper. The B light addition ranging from 9% to 17% with R LEDs stimulated carotenoid contents and antioxidant levels. Our results demonstrate that an appropriate percentage of R and B LEDs can be used to enhance growth, pigment contents, and antioxidant activity in vegetables. 
